as the NO2 is distributed at higher altitudes, reaching up to 80% or more for SZAs expected with a 76 geostationary sensor [10, 19] . The resulting errors in Rrs absolute magnitude and spectral shape 77 subsequently introduce significant and time-dependent uncertainties in retrievals of ocean 78 biogeochemical variables from space [10, 13, 19, 20] .
79
Satellite observations provide a powerful tool for assessing O3 and NO2 emissions, distribution,
80
and transport over land and over the ocean. To enhance the scientific return of satellite remote 81 sensing, obtain a more complete picture of the atmosphere and increase our understanding of the 82 effects of air pollution on coastal ecosystem dynamics, satellite observations must be used in 83 combination with model simulations and detailed measurements from surface platforms. This 84 becomes extremely challenging in coastal regions, since ground-based networks that monitor 85 tropospheric air quality abruptly end at the coastlines. Previous studies integrating high frequency 86 observations to assess the impact of atmospheric trace gas variability on ocean color retrievals were 87 based on measurements at coastal sites over the land [10, 19] . This paper specifically addresses this 
101
In this study, shipboard observations over the ocean are integrated with ground-based observations 102 at coastal land sites to examine differences across the land-ocean interface, and are combined with 
125
The coastal waters of the Yellow Sea and East Sea/Sea of Japan are strongly impacted by both 126 local atmospheric pollution and long-range transport of air pollutants from other highly polluted 127 urban centers in East Asia, including Shanghai and Beijing [26, 27] . Yet, the impacts of atmospheric 128 pollutants on sea-air exchanges and coastal ocean color retrievals remain largely unknown. Using 129 observations from different platforms, including aircraft, ground sites, and research vessels, the 130 KORUS-OC/AQ study provided unprecedented comprehensive measurements of pollutants (both 131 trace gases and aerosol particle properties) with extensive spatial and vertical coverage. Here we 132 focus on the spatial and temporal variability of total column NO2 and O3 measured by the shipboard
133
NASA PSI-24, operating in direct-sun mode. The spectrometer was mounted on the 1,422-ton RV
134
Onnuri, one of the Korean Ocean Research and Development Institute (KORDI)ʹs research vessels.
135
During the KORUS OC campaign, the RV Onnuri covered an area along the Eastern, Southern
136
and Western South Korean coasts (Fig. 1) 
151
6 June prevented direct-sun observations) (Fig 1) . These shipboard measurements were compared to 152 measurements from ground-based PSIs, to assess differences in total column amounts of NO2 and O3 153 over the land and over the coastal ocean (Table 1 ; Fig. 1 
158
Measurements in the South Korean territorial waters are excluded from this study. 
159

203
The maximum collocation distance between the center of the OMI FOV and the PSI location was 26
204
km for the NO2 retrievals and 42 km for the O3 retrievals. OMI data were not available during our 
219
NO2 changes have a considerable impact on atmospheric correction of ocean color retrievals [1, 19] .
220
To check for errors in modelling, forward and back trajectories were created for each observation
221
[39]. The termination point for each backward trajectory was used to produce a forward trajectory.
222
All points along the two trajectories were then compared, with differences in excess of 10 km resulting 
232
Korea.
233
The range and temporal dynamics in TCO3 measured by the ground-based PSI network during
234
May 2016, when the KORUS-OC campaign was held, were very similar across these four coastal sites 
306
Geoje measured TCNO2 in the range 0.3-0.9 DU, compared to 0.27 DU observed by OMI over the 307 same location. In the less polluted coastal areas of Gwangju and Anmyeon, the absolute difference in 308 average NO2 was smaller, with OMI still underestimating TCNO2 by 37% and 11%, respectively 309 (Table 2) . 
316
Measurements during 18-20 May were collected at the coastal site of Geoje, more than 35 km from the 317 city of Busan. Satellite Aura-OMI TCO3 overpass data is also shown (red open circles). 
NO2 and O3 Dynamics Over the South Korean Coastal Waters
332
The range in TCO3 observed over the ocean by the shipboard PSI was in remarkably good 333 agreement with the coarser satellite observations from Aura-OMI (Fig. 6 ). The mean APD between
334
OMI and PSI observations (averaged over a 1 hr window around the OMI overpass time) was 3%,
335
while maximum APD was 7%. As discussed in the previous section, the larger scale synoptic
336
observations from OMI revealed that these dynamics in TCO3 over the ocean were to a large extent 337 due to the passage of a front transporting air masses with total column ozone amount of 344-400 DU
338
eastward and over the South Korean peninsula during May 18 to May 21, while relatively low TCO3 339 values, < 320 DU, persisted over the study region later in May (Fig. 3) . The range in TCO3 observed 340 over the coastal ocean by the shipboard PSI was very consistent with ground-based observations at 341 the coastal sites of Busan, Seoul, Gwangju, and Anmyeon, despite the > 25 km distance of the RV
342
Onnuri from the shoreline (Table 2) . (Fig. 8) , with a mean absolute difference of less than 0.22 DU (Fig. 8) 
359
Satellite imagery from OMI, however, showed TCNO2 of just 0.29 DU over Geoje and 0.55 DU over 360 Busan, 0.5 and 0.6 DU lower, respectively, than coincident (±1 hr from OMI overpass) PSI 361 observations (Fig. 8) . 
377
(stdev=0.08 DU) and 0.22 DU (stdev=0.05 DU), respectively (Fig. 8) . OMI was in good agreement with 378 the shipboard PSI under these relatively low pollution levels, slightly overestimating TCNO2 by 0.07 379 DU on average (Fig. 7) .
380
Significantly higher NO2 levels were measured by the shipboard PSI on June 1 2016, in the coastal
381
waters offshore Seoul at a distance of more than 50 km from the shoreline (Figs 1, 7) . Column NO2 showed strong diurnal variability, changing by 0.37 DU during a period of less than 3 hrs. Although 383 between 8:00 and 10:00 local time TCNO2 was relatively low (less than 0.2 DU), it suddenly exceeded 384 0.5 DU by local noon, decreasing again to < 0.25 DU in the afternoon while RV Onnuri was almost 385 stationary (Fig. 8) . Comparison of the shipboard PSI measurements with the ground-based PSI 386 located near the city of Seoul, showed some differences in TCNO2 during the morning (up to 0.46 387 DU), very good agreement at around 12 noon when NO2 peaked over the ocean, and differences as 388 high as 1.0 DU (mean absolute difference of 0.4 DU) in the afternoon (Fig. 8) . These results suggest
389
influence of different air masses and pollution sources at these two locations over the land and over 390 the ocean. HYSPLIT backward trajectories, discussed in the next section, provided more insights into 391 the impact of different air masses on NO2 variability over the ocean.
392
Back-Trajectories of Atmospheric Pollution Plumes
393
Backward air parcel trajectories were simulated using HYSPLIT4 to determine the origin of air 394 masses sampled by the shipboard PSI on RV Onnuri at Geoje and offshore the coastal sites of
395
Gwangju, Anmyeon and Seoul (Fig. 9, 10) . Results for May 18 2016 (9:00 to 13:00 local time) showed 396 that the air at 1,500 m altitude over the coastal area of Geoje had gone through the city of Busan 2-3 397 hours earlier, suggesting transport of pollution from this coastal megacity over the shipboard
398
Pandora (Fig 9a) . Similar results were obtained for back trajectories initiated hourly from 14:00 to 
414
showed transport of air masses originating from a relatively rural area at the border of North and
415
South Korea where TCNO2 is typically relatively low (Fig. 10 ). At 12:00 local time, however, the air afternoon, associated with rush hour NOx emissions in this urban area (Fig. 8) . 
4. Implications of TCNO2 Variability for Remote Sensing of Ocean Color Dynamics
429
The large spatial and temporal variability in TCNO2 observed over this coastal environment has 
438
Previous studies using detailed radiative transfer calculations over optically thick coastal waters 439 [1, 19] showed that there is significant error in Rrs from unaccounted (temporal or spatial) NO2 (Fig. 11b) . The error will be smaller for 443 nm, and almost 452 negligible at 555 nm (Fig. 11b) , introducing an uncertainty not only in the absolute amount of Rrs but 453 also in its spectral shape. 
479
while changes in Rrs(443) would be 21% and 40%, respectively (Fig. 11d) . 
523
Environment Monitoring Spectrometer), and the European Sentinel-4, will provide a unique satellite 524 capability to monitor the spatially and temporally varying TCNO2 over coastal oceans.
525
If the observed variability in TCNO2 is not properly accounted for in atmospheric correction 
